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SUMMARY 

Good progress has been achieved on the Test Bed for On-Board 
Subsystems for future satellites. The Test Bed is for subsystems 

DEVELOPED UNDER PREVIOUS INTELSAT R&D CONTRACTS. FOUR TEST SETUPS HAVE 
BEEN CONFIGURED IN THE INTELSAT TECHNICAL LABORATORIES: 

1. TDMA On-Board Modem (MODEM, MELCO); 

2. MultiCarrier Demultiplexer Demodulator (MCDD, TELESPAZIO/ALCATEL) ; 

3. IBS/IDR Baseband Processor (BBP, NEC); and 

4. Baseband Switch Matrix (BSM, NEC). 

The first three series of tests are completed and the tests on the 

BSM ARE IN PROGRESS. DESCRIPTIONS OF TEST SETUPS AND MAJOR TEST 
RESULTS ARE INCLUDED IN THIS POSTER PRESENTATION,* THE FORMAT OF THE 
POSTER IS OUTLINED BELOW. A COMPANION PAPER DISCUSSES THE SYSTEMS 
BENEFITS AND CONSTRAINTS, AND SUMMARIZES THE STATUS OF THESE ON-BOARD 
TECHNOLOGIES [REF. 1] . 
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♦This paper was presented in Session 4: Concurrent Poster Presentations and Demonstrations. Row 

AND COLUMN NUMBERS EXPLAIN THE POSTER LAYOUT. 
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On-Board MODEM Tests 


***★ 



Figure 1 (A) On-Board Demodulator 



Figure 1 (B) On-Board Modulator 

The Code Generator produces 
the P, Q, Clock and Gate signals (in burst mode). 

The Code Error Detector accepts the P, Q, and Clock signals 
and the status and aperture signals from the Code Generator 

AND MAKES BER, UNIQUE WORD MlSSING DETECTION (UWMD) TESTS ETC. 

The Adapter is an interface between the Code Generator, 
Code Error Detector and the Earth Station (E/S) Modem. 

Attenuator 1 is used to adjust the input signal level 
TO THE UPCONVERTER, WHICH IS ABOUT -20 DBm. 

Switch 1 controls the signal connection for signal monitoring 
AND E b /N 0 calibration during the measurement process. 
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On-Board MODEM Tests 


**** 


The burst 3950-MHz RF signal is fed to the RF portion which includes 

THE DOWNCONVERTER, THE IF ROLL-OFF FILTER AND THE AGC CIRCUIT. 

The DEMODULATION CIRCUIT IS A COHERENT DETECTOR. 

The CARRIER RECOVERY CIRCUIT CONSISTS OF A TIMES-FOUR MULTIPLIER, 

A TANK-LIMITER WITH AFC (AUTOMATIC FREQUENCY CONTROL) 

AND A DIVIDE-BY-FOUR CIRCUIT. 

The symbol-timing-recovery circuit consists of the IF SQUARING circuit 

AND TANK-LIMITERS. 


In the Modulator, the P and Q streams and their clock of 60.416 MHz 
(DATA RATE IS 120.832 MBIT/s) ARE RECEIVED BY THE RETIMING CIRCUIT. 
P AND Q STREAMS ARE SYNCHRONIZED BY THE CLOCK. 


This switch is controlled by the carrier on-off signal 
from the Test Set and it controls the output of the modulator. 



Figure 2 BER Test Setup 
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On-Board MODEM Tests 


★ ★ ★ ★ 


The equipment from the Code Generator to the Upconverter 

SIMULATES THE FUNCTION OF THE E/S TRANSMITTER IN WHICH THE QPSK- 
MODULATED 6-GHz signal is produced. 

The Low Noise Amplifier (LNA) is in the INTELSAT-IVA Transponder 
Simulator. Attenuator 2 is used to control the signal level to the LNA 
amplifier and to calibrate the uplink E b /N 0 . 

A Downconverter with LO frequency of 2225 MHz is also in the INTELSAT- 
IVA Transponder Simulator. 

Switch 2 is used to control the signal connection for signal level and 

SPECTRUM MEASUREMENT OR MONITORING IN THE TEST PROCESS; THIS IS DONE 
WITHOUT CHANGING THE PHYSICAL CONNECTION IN ORDER TO IMPROVE THE 
MEASUREMENT ACCURACY AND FACILITATE OPERATION. 

The demodulated P and Q signals and recovered Clock from the on-board 
Demodulator pass through the buffer and conditioning circuits in the 
Modem Test Set. 

Switch 3 is for downlink E b /N 0 calibration and signal monitoring. The 
Variable Attenuator 5 is used to control the noise level to reach the 

REQUIRED DOWNLINK E b /N 0 . SWITCH 4 IS USED FOR DOWNLINK E b /N 0 

CALIBRATION AND SPECTRUM MONITORING WITHOUT CHANGING THE PHYSICAL 
CONNECTION. 

In the BER test, the measured performance is the summation of the 

UPLINK AND DOWNLINK BERS. IF THE UPLINK (OR DOWNLINK) E b /N 0 IS VERY 

HIGH, FOR INSTANCE OVER 40 dB, THE MEASURED RESULT WILL MAINLY INDICATE 
THE PERFORMANCE OF THE DOWNLINK (OR UPLINK RESPECTIVELY) . 

The E b /N 0 calibrations are different for the uplink and the downlink. 

For the uplink, the noise is mainly the thermal contribution from the 
LNA in the INTELSAT-IVA Transponder Simulator. The Spectrum Analyzer 

IS USED TO MEASURE THE SIGNAL LEVEL (UNMODULATED CARRIER) AND THE NOISE 
POWER DENSITY (IN DBm/Hz). 


For the downlink, an independent noise source is used. The Spectrum 
Analyzer measures the unmodulated carrier level under very weak noise 

CONDITIONS, AND THE NOISE SPECTRAL POWER DENSITY WITHOUT THE SIGNAL. 
IN THE ENTIRE CALIBRATION PROCESS THE SIGNAL CONNECTION IS CONTROLLED 
BY SWITCHES WITHOUT CHANGING ANY PHYSICAL CONNECTION, SO THE 
CALIBRATION ERROR IS REDUCED SIGNIFICANTLY. 
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MCDD Tests 


The demultiplexer separates the channels 

USING A PER-CHANNEL, ANALYTIC SIGNAL APPROACH. 

The DEMODULATOR IS A SINGLE-CHANNEL DEMODULATOR THAT RECOVERS THE 
TRANSMITTED BIT STREAM AND OUTPUTS IT TO A BASEBAND SWITCH MATRIX. THE 
BIT RATE OF THIS MCDD CANNOT BE VARIED AND ONLY ONE CHANNEL CAN BE 
PROCESSED AT ANY ONE TIME. THE INPUT FDMA SIGNAL HAS A 10-MHZ 
BANDWIDTH AND CONSISTS OF 3 CHANNELS AT 4.4 MBIT/S TRANSMISSION RATE, 
OR 12 CHANNELS AT 1 . 1 MBIT/S TRANSMISSION RATE; IT IS SAMPLED AT A RATE 

OF ABOUT 20 MHz. 

An Analog Input Interface is provided that is able to accept the signal 

AT INTERMEDIATE FREQUENCY (140 MHz) , TO PERFORM THE ANTI-ALIASING 
FILTERING AND THE DOWN-CONVERSION TO BASEBAND, SO THAT THE FINAL 
ANALOG-TO-DIGITAL CONVERSION IS DONE AT NYQUIST RATE. 

At the output of the MCDD, a Digital-to-Analog Converter is used for 

THE PURPOSE OF TESTING, AND ALLOWS AN OSCILLOSCOPE TO BE USED TO 
OBSERVE SIGNAL CONSTELLATIONS AND OTHER SIGNIFICANT PARAMETERS. 

The FDMA Signal Generator consists of a bank (three in this case) of 

MODULATORS WHICH HAVE THE SAME CONFIGURATIONS BUT THEIR CARRIER 
FREQUENCIES CAN BE SELECTED INDEPENDENTLY WITHIN CERTAIN RANGES. 

The HP3326A Synthesizer provides the required clock signal to the 
HP3762A Data Generator which produces the data sequence and clock. 

The Alcatel Synthesizer provides the source frequency to the FDMA 
Signal Generator. It can produce a maximum of 3 modulated carriers 
simultaneously. The HP3708A Noise Test Set is used to introduce 

Gaussian noise in the channel under test. 

AO is the output attenuator inside the FDMA Signal Generator. 
Attenuators A1 and A2 are used to adjust the signal level to meet the 
REQUIREMENTS OF THE HP3708A NOISE TEST SET AND THE MCDD. 
The HP8566B is for spectrum monitoring and analysis. 
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On-Board MODEM Tests 


**** 



Eb/N0 — dB 

0 Burst, 2 Mi + Bunt! -IBS Kha □ Cont.i 0 Mi X Cent., -IBS Mi 4 Specif Icitlon 
Figure 3 Uplink BER for Modem 
The uplink BER is an indication of the On-Board Demodulator 

PERFORMANCE. THE BER VERSUS E^/Nj, FOR THE BURST MODE AND CONTINUOUS 
MODE ARE SIMILAR. THE UPLINK NEEDS TO INCREASE BY 2.1 TO 4.7 OB 

IN ORDER TO GET THE SAME BER AS DEFINED IN THE SPECIFICATION. THE 
DEGRADATION REDUCES TO 0.7 TO 1. 6 DB WHEN THE LO FREQUENCY OFFSET IS 
AT ABOUT -125 kHz OR THE CARRIER FREQUENCY OFFSET IS +125 kHz. 
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On-Board MODEM Tests 


**** 



6 7 8 9 10 11 12 13 14 15 

Eb/No — dB 

0 Burtt + Cont. □ Specification 

Figure 4 Downlink BER for Modem 

The downlink BER reflects the On-Board Modulator and the E/$ 
Demodulator performance .The BER versus E b /N 0 for the burst mode 

AND THE CONTINUOUS MODE ARE VERY SIMILAR. FOR THE BURST MODE, 
THE MEASURED BER VERSUS E^N,, IS BETTER THAN THE SPECIFICATIONS , 

BY ABOUT 0.3 TO 0.6 DB FOR THE ON-BOARD MODEM 

AND BETTER BY ABOUT 1.1 TO 2.0 DB FOR THE E/S MODEM. 


During tests of amplitude variations, the switch on the Code Generator 

WAS USED TO SELECT THE OPERATION MODE AND MEASURE THE CARRIER LEVEL 

with the Spectrum Analyzer. In the Fixed Mode (no modulation) both P 

AND Q CHANNELS CAN BE SET WITH SWITCHES FOR A CONSTANT 0 OR 1, WHICH 
PRODUCES AN AMPLITUDE VARIATION OF 0 DB. In THE CONTINUOUS MODE A 
PSEUDO-RANDOM SEQUENCE IS SELECTED TO MODULATE A CONTINUOUS CARRIER. 

The peak-to-peak amplitude variation in this case is 0.6 dB, 

SO THE MODEM MEETS THE SPECIFICATION OF dO. 5 DB AMPLITUDE VARIATION. 

Carrier on/off isolation was measured as 55 dB 
AND EXCEEDS THE SPECIFIED 50 dB. 

The specification of 8 Probability of Unique Word Missed Detection (UWMD) 
I S BETTER THAN 1x10 WHEN THE E b /N 0 IS EQUAL TO 7 DB. 

The test result shows that about 2 dB E^N,, increase is needed 

TO MEET THAT UWMD PROBABILITY. 
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On-Board MODEM Tests 





Figure 5 Test Setup for Carrier Phase Shift 
and Amplitude Variation 

The HP8510B Network Analyzer is used for phase shift measurements by 

COMPARING THE MODULATED CARRIER WITH THE REFERENCE CARRIER. 

Since the purpose is to measure the relative phase differences among 
the 00, 01, 11, 10 phases, the accuracy of the absolute value is not 

VERY IMPORTANT. 

Within the On-Board Modulator, the P and Q data modulate the IF carrier 
of 141 MHz first, then the IF carrier is upconverted to 3950 MHz. This 
modulated signal is sent to the Network Analyzer for phase shift 

MEASUREMENTS. 

The reference signal has the same RF frequency and is phase coherent to 

THE MODULATED CARRIER (UNDER TEST) OF THE 0n-BOARD MODULATOR. 

The output of the Mixer has three products at very close levels at 3950 
MHz (summation), 3809 MHz (L0) and 3668 MHz (difference) respectively. 
The frequency of the desired product is 3950 MHz and the filter selects 
the desired one. 

The phase shifter in the reference channel is used to compensate the 
static phase difference between the two channels. 

Test results are 0.0, 90.7, 180.2, 269.4 degrees for the four phase 
states and meet the specifications (0, 90, 180, 270, d2 degrees). 
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MCDD Tests 



Figure 6 BER Test Bed for MCDD 



Efe/No dB 

0 Theoretical BER + CHI D CHS X CH3 


Figure 7 BER for MCDD at 4.4 Mbit/s 
row 1, column 5 
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MCDD Tests 



-2,00 -1.50 -1.00 -0.50 0.00 0.50 1.00 1.50 2.00 

Clock Frequency O ffset kHz 

0 CHI + CHS 0 CHS 


Figure 8 BER for MCDD versus Clock Frequency Offset 



-17-13-9-5 -2 2 6 10 14 


Carrier Frequency Offset kHz 

0 CHI + CHE 0 CHS 

Figure 9 BER for MCDD versus Carrier Frequency Offset 
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MCDD Tests 


TWO ADJACENT CHANNELS (UPPER AND LOWER) ARE THE INTERFERING CHANNELS. 
TWO ADDITIONAL ALCATEL SYNTHESIZERS (1 AND 3) ARE USED TO PROVIDE TWO 
SOURCE SIGNALS TO THE FDMA SIGNAL GENERATOR FOR THE UPPER AND LOWER 

channels. Another HP3326A, HP3762A and Divider are used to provide the 

INTERFERING DATA SIGNALS AND CLOCKS TO MODULATE THE UPPER AND LOWER 
CHANNEL CARRIERS. MEASUREMENTS ARE ONLY PERFORMED FOR THE CENTER 
CHANNEL. 

THE DEGRADATION DUE TO THE ACI INTERFERENCE IS NO MORE THAN 0.2 DB LOSS 
FOR THE 4.4 MBIT/S DATA RATE CASE. 



Figure 10 Setup for the Adjacent Channel Interference Test 
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The proof-of-concept hardware for the BBP consists of 12 printed wired 
boards: one TDM/TDMA Converter, one TDMA/TDM Converter, one FDMA 
Buffer, five for the Switch Circuits, four for the Control Unit. 

The principal functions of the BBP consist of data rate changing; 

TRAFFIC ROUTING AT BYTE LEVEL, INCLUDING MULTIPLEX (TDM-DOWN), MULTI- 
CAST and Distribution etc.; TDM/TDMA conversion; and Diagnosis. 

The Switch Circuit performs data rate changes and all switching 
functions. 
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Figure 11 Block Diagram for Baseband Processor (BBP) 

The BBP hardware is the device under test. The Test Set generates the 

INPUT SIGNALS FOR THE BBP AND RECEIVES THE OUTPUT SIGNALS FROM THE BBP. 

The data rates of three PN data are 8192, 2048 and 68.3 kbit/s 

RESPECTIVELY. 

The Timing Signal Generator (a) generates the Master Clock of 16.384 
MHz and System Reset Signal and outputs them to the BBP hardware; 

(b) generates three clocks (8192 kHz, 2048 kHz and 68.3 kHz) and sends 

THEM TO THE PN DATA GENERATORS VIA THE MUX; (c) GENERATES SIX KINDS OF 
FRAME AND MULTI-FRAME PULSES (PERIOD: 250 US, 2 MS, 7.5 MS, 16 MS AND 
480 MS) WHOSE PULSE DURATIONS ARE 244 NS,‘ AND (d) OUTPUTS THESE CLOCKS 
AND PULSES TO THE MULTIPLEXER IN THE TEST SET. 
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REMOTE CONTROL SYSTEM 



Figure 12 Test Setup for the BBP Tests 


The Multiplexer generates three input data streams: TDMA data, 1920 

KBIT/S TDM DATA AND 64 KBIT/S TDM DATA. THE MUX GENERATES THE UNIQUE 
Word signal for each input data stream. The Unique Word signals 
include Preamble data and Reference Burst data in TDMA data, Multi- 
frame DATA INSERTED IN BYTES 0, 16, 32 AND 48 IN TDM DATA. 

Another very important function of the Multiplexer is inserting 8-bit 
Test Data to a channel in an input line. The 8-bit Data can be 
arbitrarily selected by setting the "8-bit Test Data" Switches on the 
front panel of the Test Set. The line and the channel can be selected 
by setting the OUT LINE SEL and OUT CHANNEL SEL digital switches on the 
front panel of the Test Set respectively. The Multiplexer inserts the 
received PN data into every channel in each output lines, except the 

CHANNEL INTO WHICH 8-BIT TEST PATTERN DATA ARE INSERTED. 

The Demultiplexer receives the output signals from the BBP hardware, 

AND SELECTS ONE FROM 4 OUTPUT LINES AND A CHANNEL IN THE SELECTED LINE 
TO DISPLAY. THE SELECTION IS PERFORMED BY SETTING THE IN LINE SEL AND 

IN CHANNEL SEL switches in the front panel of the Test Set 

RESPECTIVELY. THE DEMULTIPLEXER DISPLAYS THE SELECTED 8-BIT DATA BY 

"IN 8-bit TEST DATA" LED display on the front panel of the Test Set. 
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The other function of the Demultiplexer in the Test Set is performing 

THE ERROR DETECTION FOR THE SELECTED 8-BIT DATA. THIS IS PERFORMED BY 
COMPARING THE 8-BIT OUTPUT DATA DETERMINED BY SETTING THE "8-BIT TEST 
DATA" SWITCH WITH THE 8-BIT INPUT DATA MONITORED ON THE LED DISPLAY. 
When an error is detected, the "ERROR" LED display on the front panel 
of the Test Set turns on and an error pulse is generated and output 
from the "ERR PLS OUT" BNC connector on the rear panel of the Test Set. 

The Demultiplexer also performs the Serial / Parallel conversion of the 
selected output line data and outputs the parallel data from the Z4 
(TEST DATA OUT) connector on the rear panel of the Test Set. 

The Remote Control Operation System simulates the control functions of 
the Control Earth Station in a satellite communication network. Its 

MAIN FUNCTION ARE COMMAND SETTING, TELEMETRY DATA DISPLAY, AND 
TRANSMISSION/ RECEPTION CONTROLS. 

IBS/IDR BBP tests include: 

COMMUNICATION BETWEEN HOST COMPUTER AND THE BBP; 

(Command and Telemetry); 

DATA LOAD-UP AND READ-OUT,' 

HARDWARE REDUNDANCY SWITCHING (CONTROL STATUS),' 

SWITCHING functions: 

multi-cast, TDM-down, distribution, data rate change; 

DIAGNOSTIC FUNCTIONS: 

Column Control Memory Diagnosis 
and Switching Module Memory Diagnosis. 

The IBS/IDR BBP performance meets the functional specifications. 
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The Baseband Switch Matrix is a 16x16 matrix which consists of 4 chips 

REALIZED IN GaAS LSI TECHNOLOGY. THE CHIPS DEVELOPED UNDER CONTRACT 

INTEL-321 HAVE 16 input channels and 4 output channels. 


Low POWER CONSUMPTION (7.78 W) IS ACHIEVED THROUGH THE CONSTRUCTION OF 
BUFFERED FET LOGIC WITH DEPLETION -TYPE FETS. 

The chips are very small and have low mass. The mass of the 3 
DEMONSTRATION UNIT IS 1.25 KG AND IT HAS A SIZE OF 24x18x1.7 CM . 

Each channel runs at a 60-MHz clock rate; used in pairs, they support 
120-Mbit/s data rate. 



Figure 13 Photograph of Baseband Switch Matrix 


BSM Tests 
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The BSM chip consists of 4 four-bit Register-1s, 4 four-bit Register- 
2s, 4-to-16 Decoders and 64 digital switches. Register-1 stores the 

SWITCH ADDRESS COMING FROM THE DCU, AND LOADS REGISTER-2 UPON A DCU 
LATCH PULSE. 

Register-2 feeds the 4-to-16 Decoder which selects one switch in the 
16-gate column. Each switch consists of an AND gate made with 
DEPLETION-TYPE FET. THE AND GATES ARE ARRANGED ON THE CROSS POINTS OF 
THE MATRIX AND THE SIXTEEN AND-GATE OUTPUTS ARE INTERCONNECTED BY 

wired-OR to the OUTPUT line. 

In dynamic operation, the Distribution Control Unit (DCU) can update 

THE CONFIGURATION OF THE MATRIX UP TO 50 TIMES IN THE 2 MS FRAME. 

Through the TT&C interface, traffic flow patterns are stored in the 

OFF-LINE MEMORY OF THE DCU. At THE BEGINNING OF THE MASTER FRAME PULSE 

(8129x2 ms = 16 sec) , the new pattern (maximum 50 configurations) is 

PLACED IN SERVICE IN THE ON-LINE MEMORY OF THE DCU. 


BSM Tests 
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Figure 15 BSM Test Implementation: Two 8x8 Matrices 
In the test configuration, the BSM simultaneously connects dynamically 

AND STATICALLY TWO SETS OF 8 INPUT PORTS TO 8 OUTPUT PORTS FOR P AND Q 
CHANNELS, UNDER THE CONTROL OF THE DISTRIBUTION CONTROL UNIT. 

[ This implementation uses half the surfaces of the chips.] 
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-25.000 na 


0.00000 a 


25.000 na 



Oh. 2 - 400.0 mvolts/div Offset - -1.332 volts 

Timebaae - 5.00 ns/div Delay - 0.00000 a 

Ch. 2 Parameters Freq. - 60.4961 MHz Rise Time - 3.150 ns 

Fall Time - 3.940 ns 

Figure 16 INPUT and OUTPUT Waveforms 

The output and input levels are ECL compatible. 

All the switches function as required. 

With a random sequence (length = 2 15 - 1) as input and an JE R RO 
Detector as a monitor, a test has confirmed that the working speed is 

THE 60 -MHz CLOCK RATE, AS REQUIRED IN QPSK 120-MBIT/S TDMA SYSTEMS. 

Some switches work up to 90 Msymbol/s. 

When the BSM operates at 60 MHz, some precautions in the rise time and 

THE FALL TIME MEASUREMENTS ARE REQUIRED. TO AVOID LINE REFLECTIONS, WE 
ADDED AN ECL GATE WHICH TERMINATES ON A 50-OHM RESISTOR. 
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Figure 17 BSM: versus V jn 

The figure shows a composite of observed input / output characteristics 

FOR MANY BSM GATES. 

The INPUT /OUTPUT transfer characteristics 

FOR ALL GATES ARE ACCEPTABLE. 
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Figure 18 Dynamic Test of the BSM 
The figure illustrates that the data streams are swapped 

FROM F CHANNEL 1 TO P CHANNEL 8. 


This dynamic test showed that there are no bit Losses 

DURING THE SWITCHING OPERATION, 
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